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Following the initial discovery of very virulent infectious bursal disease virus (vvIBDV) strains in Europe, these viruses spread to many parts
of the world. In this study, we examined the phylogenetic relationship of never-before-published IBDV from 18 countries on four continents. All
the samples were collected between 1997 and 2005 and were reported to be from broiler flocks experiencing higher than expected mortality which
is often associated with acute very virulent infectious bursal disease. A total of 113 samples were imported into the U.S. and viral genetic material
was used to determine the nucleotide sequence of the VP2 gene hypervariable region. Although all the samples were reported to be associated
clinically with high mortality, genetic analysis suggests that some were not vvIBDV strains. Two viruses from South Africa were genetically
similar to U.S. variant viruses. A majority (71/113) of the viruses examined had the amino acid Alanine at position 222 and sixty-seven of these
suspect vvIBDValso had amino acids I242, I256, I294 and S299 which are highly conserved among vvIBDV strains. Phylogenetic analysis placed
putative vvIBDV strains from many different countries and geographic regions in a single clade with some minor non-significant branching.
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The first report of acute infectious bursal disease virus
(vvIBDV) was in 1989 (Stuart, 1989). Since that time vvIBDV
strains have been reported in many parts of the world (Van Den
Berg, 2000). Molecular epidemiology indicates that all known
vvIBDV strains are from a common ancestor (Brown et al.,
1994; Eterradossi et al., 1997; Hon et al., 2006; Rudd et al.,
2002; Van Den Berg, 2000; Yamaguchi et al., 1997).
Comparisons of the variable VP2 (vVP2) nucleotide and
amino acid sequences suggest that these viruses are clonal
(Levin et al., 1999).
The quality that defines a vvIBDV strain is primarily the
ability to cause high mortality in susceptible chickens. Since in
vivo studies are expensive, time consuming and sometimes not
possible, genetic characteristics that define the vvIBDV
phylogenetic group have been explored (Jackwood and⁎ Corresponding author. Fax: +1 330 263 3760.
E-mail address: jackwood.2@osu.edu (D.J. Jackwood).
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doi:10.1016/j.virol.2007.03.046Sommer-Wagner, 2006; Mardassi et al., 2004; Rudd et al.,
2002). The amino acids A222, I256 and I294 were reported to
be unique to all known vvIBDV strains (Banda and Villegas,
2004; Hoque et al., 2001). In addition, the amino acids I242,
I256, I294 and S299 were reported to be highly conserved
among vvIBDV strains (Rudd et al., 2002). A study on vvIBDV
strains from Indonesia however, indicates that A222 is not a
unique characteristic of these viruses since some vvIBDV
strains in that study had an A222S substitution mutation (Parede
et al., 2003). A virus from Malaysia was reported to have the
A222, I242, I256, I294 and S299 genetic characteristics of
vvIBDV strains but it only produced 10% mortality in
susceptible chickens (Hoque et al., 2001). That virus had a
substitution mutation from G to S at position 254 and A to E at
270.
The conserved amino acids at positions A222, I242, I256,
I294 and S299 do not control virulence of vvIBDV strains. This
is supported by reverse genetic studies that concluded that VP2
is not the only protein responsible for the very virulent
phenotype (Boot et al., 2000). Recent studies suggest that the
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segment B that it gained through reassortment from an
unidentified reservoir (Hon et al., 2006; Le Nouen et al.,
2006). Together, these studies indicate that the virulence of
vvIBDV strains is probably due to multiple genetic events.
Identification of the genetic elements that control the very
virulent phenotype is not a requirement for tracking the
dispersion and evolution of vvIBDV strains. Regions of the
genome that do not control virulence and antigenicity but are
unique to vvIBDV may be better for tracking viruses since
selection pressures on these sequences would be minimal.
Others have suggested that since the genetic basis for the very
virulent phenotype has not been conclusively identified, genetic
changes in VP2 should be considered to be evolutionary rather
than virulence markers (Van Den Berg et al., 2004). The
hypervariable sequence region of VP2 (vVP2) has been used for
most molecular epidemiology and phylogenic studies. Although
mutation rates are higher, this part of the genome also contains
relatively conserved sequence regions unique to vvIBDV
strains (Hoque et al., 2001; Jackwood and Sommer-Wagner,
2006; Parede et al., 2003; Rudd et al., 2002). Tracking IBDV
using the vVP2 genetic region that is subject to frequent
mutations allows greater discrimination between genomes that
are considered to be closely related or clonal (Levin et al.,
1999).
The goal of our study was to identify IBDV strains from
diverse geographical regions that are associated with high
mortality in chicken flocks. To achieve this goal, regions in the
vVP2 nucleotide sequence that are unique to variant, classic and
very virulent IBDV strains were used. The variable sequence
regions in VP2 were also used to examine the short-term
molecular evolution of those strains identified as vvIBDV.
Results
All 113 genomic dsRNA samples were submitted for testing
because they were from broiler chicken flocks experiencing
higher than expected mortality and clinical signs sometimes
associated with vvIBDV infection. Because we are prohibited
from importing live virus, it was not possible to confirm the
pathogenicity of the viruses. Thus, we had to rely on molecular
characteristics that are consistent with the vvIBDV phenotype.
Not all of the samples contained these molecular criteria.
Nucleotide sequence analysis
The nucleotide sequence of the vVP2 region from nucleotide
positions 737 to 1479 was determined for each virus in this
study. The nucleotide sequences of these viruses were submitted
to GenBank as a set; their accession numbers begin with
DQ916164 and end with DQ916276. The predicted amino acid
sequences that contained A222, I242, I256, I294 and S299 were
observed in 68 samples (Table 1). One sample from Bolivia (05
B62) and two from South Africa (05 SA8 and 05 SA10) had
A222 but had substitution mutations at one or more of the 242,
256, 294 and 299 positions. The most common amino acid at
position 222 was Alanine with 71 viruses having that result.Proline at 222 was observed in 22 viruses, the next largest
group. Serine was observed in 10 viruses, Threonine in 8
viruses and Glutamine was identified in 2 viruses.
Typical classic virus amino acid sequences that included
P222, V242, V256, I294 and N299 were observed in 21 viruses
(Table 1). One putative classic virus from Venezuela (VEN 34)
had a substitution from N to D at position 299. Viruses with
S222 varied in their amino acid sequences. Seven were similar
to Lukert classic strain viruses and three S222 viruses from
Singapore had amino acids more typical of vvIBDV; I242, I256,
I294 and S299. Eight viruses that were found to have T222 and
two that had Q222 also had amino acid substitutions that have
been consistently observed in variant viruses.
Phylogenetic analysis
All 113 viral sequences were included in the phylogenetic
analysis. Phylogenetic analysis of the amino acid sequences was
conducted using the NJ, UPGMA and ME methods. An NJ
analysis using the nucleotide sequences gave nearly identical
results (data not shown). The results obtained using the
UPGMA and ME methods on amino acid sequences were
essentially the same as that shown for the NJ method in Figs. 1
and 2. Fig. 1 contains viruses with genetic characteristics
consistent with the vvIBDV phenotype. They included all
viruses with I242, I256, I294 and S299 plus viruses with A222
regardless of the amino acids at other key positions. Fig. 2
contains viruses with genetic characteristics that were consistent
with non-vvIBDV strains. Reference IBDV strains including
known variant viruses (Del E and T1), classic viruses (Cu1,
STC, and Bursine), and vvIBDV strains (BD 3/99, UK661 and
OKYM) were used for comparison in both phylogenetic trees.
In addition to these reference strains, we included the El
Salvadore01 ES1, El Salvador01 ES2, Spain97 SP11, Bolivia05
B62, South Africa05 SA10 and South Africa05 SA8 viruses in
both trees because of their unique amino acid sequences.
The variant viruses Del E and T1 group together in one clade
and the classic viruses from the US and Europe were in a
separate clade as expected. In both trees, the two viruses from
South Africa (05SA8 and 05SA10) formed a separate branch
but were related to the U.S. variant viruses. The 05SA8 virus
had amino acids A222, V242, V256 and L294 while the
05SA10 virus had A222, I242, V256 and L294. Although many
amino acids were common between these South African viruses
and the U.S. variants, the K249 and I286 were unique to both
groups and were not found on any of the classic or vvIBDV
strains examined in this study. The only other virus that was
A222 but did not have Isoleucine at all three positions (V242,
V256 and I294) was from Bolivia 05B62. It was alone on a
separate branch in both trees.
Viruses examined in the phylogenic analysis that contained
the characteristic vvIBDV amino acids A222, I242, I256, I249
and S299 were placed together in a phylogenic clade that
included the vvIBDV reference isolates UK661 BD 3/99 and
OKYM (Fig. 1). The viruses in this largest clade were isolated
between 1997 and 2005. They originated from Europe, South
Africa, South America, Central America, the Middle East and
Table 1
Origin, year of isolation and key amino acids of IBDV strains examined in this
study
Country (year) (isolate) Key amino acids
222 242 256 294 299
Argentina05 A17 S V V L N
Argentina05 A24 P V V I N
Argentina05 A25 S V V L S
Bolivia05 B51 P V V I N
Bolivia05 B56 P V V I N
Bolivia05 B59 P V V I N
Bolivia05 B60 P V V I N
Bolivia05 B61 Q V V L N
Bolivia05 B62 A V V I N
Bolivia05 B63 A I I I S
Bolivia05 B64 A I I I S
Bolivia05 B66 P V V I N
Bolivia05 B67 A I I I S
Bolivia05 B68 Q V V L N
Bolivia05 B75 P V V I N
Bolivia05 B81 P V V I N
Brazil01 B1 A I I I S
Colombia01 C10 P V V I N
Colombia01 C5 S V V L S
Colombia01 C6 T V V L N
Colombia01 C9 T V V L N
Colombia04 C81 T V V L N
Colombia05 C36 A I I I S
Colombia05 C83 A I I I S
Colombia05 C84 A I I I S
Denmark01 4 A I I I S
Denmark01 5 A I I I S
Dominican Republic99 DR4 A I I I S
ElSalvador01 ES1 A I I I N
ElSalvador01 ES2 A I I I N
France97 AL13 A I I I S
France01 F10 A I I I S
France04 F7 A I I I S
France97 AK2 A I I I S
France97 AL10 A I I I S
France97 AL11 A I I I S
France97 AL5 A I I I S
France97 AL6 A I I I S
Israel99 ISR13 A I I I S
Israel99 ISR30 A I I I S
Israel99 ISR4 A I I I S
Israel99 ISR7 A I I I S
Jordan04 E A I I I S
Korea97 91108 A I I I S
Korea97 K9596 A I I I S
Mexico01 M P V V I N
Mexico04 M101 T V V L N
Mexico04 M83 T V V L N
Mexico04 M84 T V V L N
Mexico04 M92 T V V L N
Mexico04 M95 T V V L N
Singapore97 S179 A I I I S
Singapore97 S181 S I I I S
Singapore97 S182 S I I I S
Singapore97 S183 S I I I S
South Africa01 SA1 A I I I S
South Africa04 A1 A I I I S
South Africa04 A2 A I I I S
South Africa04 D2 A I I I S
South Africa04 D74 A I I I S
South Africa05 SA10 A I V L N
Table 1 (continued)
Country (year) (isolate) Key amino acids
222 242 256 294 299
South Africa05 SA8 A V V L N
South Africa05 SA807 A I I I S
South Africa97 A7090 A I I I S
South Africa97 SA1 A I I I S
South Africa97 SA11 A I I I S
South Africa97 SA12 A I I I S
South Africa97 SA13 A I I I S
South Africa97 SA14 A I I I S
South Africa97 SA2 A I I I S
South Africa97 SA3 A I I I S
South Africa97 SA4 A I I I S
South Africa97 SA6 A I I I S
Spain01 S1 A I I I S
Spain01 S8 P V V I N
Spain01 S9 P V V I N
Spain97 SP1 A I I I S
Spain97 SP11 A I I I N
Spain97 SP2 A I I I S
Spain97 SP3 A I I I S
Spain97 SP4 A I I I S
Thailand01 TH1 A I I I S
Thailand01 TH2 A I I I S
Thailand01 TH3 A I I I S
Thailand01 TH4 A I I I S
Thailand01 TH5 A I I I S
Thailand01 TH6 A I I I S
Thailand01 TH7 A I I I S
Thailand97 TH4 P V V I N
United Kingdom01 1 A I I I S
United Kingdom01 2 A I I I S
United Kingdom01 4 A I I I S
United Kingdom01 5 A I I I S
Venezuela01 VEN1 P V V I N
Venezuela01 VEN10 S V V I N
Venezuela01 VEN2 P V V I N
Venezuela01 VEN3 P V V I N
Venezuela01 VEN4 P V V I N
Venezuela01 VEN5 A I I I S
Venezuela01 VEN6 P V V I N
Venezuela01 VEN7 P V V I N
Venezuela01 VEN8 S V V I N
Venezuela04 VEN 116 A I I I S
Venezuela04 VEN 117 A I I I S
Venezuela04 VEN 120 A I I I S
Venezuela04 VEN 121 P V V I N
Venezuela04 VEN 122 A I I I S
Venezuela04 VEN 123 P V V I N
Venezuela04 VEN 124 A I I I S
Venezuela04 VEN 126 A I I I S
Venezuela05 VEN 32 S V V I N
Venezuela05 VEN 33 S V V I N
Venezuela05 VEN 34 P V V I D
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related sub-branches of the vvIBDV clade were observed. One
contained viruses from South Africa, Venezuela and Thailand.
Other sub-branches of the tree that were phylogenically related
to the vvIBDV strains included one with three 1999 viruses
from Israel, another with 1997 isolates from Singapore and a
third with one 1997 virus from Spain and two 2001 El Salvador
viruses. Both phylogenetic trees placed these two viruses from
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clade that appeared to be genetically divergent from the main
vvIBDV clade. The viruses had the typical A222, I242, I256
and I294 of vvIBDV but they had a substitution mutation at 299
from S to N.
The non-vvIBDV strains separated into two major groups;
one characterized by variant viruses and the other by classic
viruses (Fig. 2). The branch containing the variant viruses Del-E
and T1 also contained the two viruses from South Africa (05
SA10 and 05 SA8) seen in Fig. 1. A second branch related to
these variant strains contained viruses from Venezuela and
Columbia with K249 and I286. The Spain01 S8 and Spain01 S9
viruses were also on this branch suggesting they were related to
variant IBDV strains. The branch containing classic viruses Cu-
1, STC and Bursine also contained viruses from Bolivia,
Thailand, Mexico, Argentina and Colombia.
Discussion
The goals of this study were to assess the genetic variability
among relatively recent isolates of IBDV associated with high
mortality in chicken flocks and to track short-term evolution of
the viral dsRNA from vvIBDV strains. Samples were collected
from a wide geographic region that included 18 countries on
four continents. All the samples were collected between 1997
and 2005.
Although the viruses examined were from flocks experien-
cing higher than expected mortality, we did not assume they
were vvIBDV strains. Currently, the only acceptable criterion
for identification of the vvIBDV phenotype is mortality rate in
SPF chickens (Ignjatovic et al., 2004; Van Den Berg et al.,
2004). In the study by Ignjatovic and coworkers (Ignjatovic et
al., 2004), an IBDV isolate associated with high mortality in the
field was determined not to be a vvIBDV strain using a
combination of molecular assays and pathogenicity studies.
Based on molecular characteristics, an IBDV isolate from
Malaysia was predicted to have the very virulent phenotype, but
this isolate only caused 10% mortality in susceptible chickens
(Hoque et al., 2001). It was reported that vvIBDV induced
mortality in SPF chickens could not be anticipated on the basis
of antigenicity and genetic lineage (Van Den Berg et al., 2004).
These scientists also noted that the use of different genetic lines
of SPF chicks for vvIBDV pathogenicity studies may contribute
to variability in the mortality results. The genetic and antigenic
identification of vvIBDV strains that cause lower than expected
mortality may suggest that these viruses are evolving to less
virulent phenotypes. Thus, reliable identification of the
vvIBDV phenotype may ultimately require a combination of
field observations, pathogenicity studies in susceptible chicks
and molecular based assays.Fig. 1. Phylogenic analysis was conducted on viruses with genetic character-
istics consistent with vvIBDV strains. The Neighbor-joining analysis was used
for amino acid sequences located in vVP2 between 210 and 369. Numbers at the
nodes indicate the bootstrap confidence values calculated using 1000 boot-
strapping replicates. Included for comparison are vvIBDV strains OKYM,
UK661 and BD 3/99; classic IBDV strains Cu 1, STC and Bursine; and variant
IBDV strains Del E and T1.
Fig. 2. Phylogenic analysis was conducted on viruses with genetic character-
istics consistent with non-vvIBDV strains. The Neighbor-joining analysis was
used for amino acid sequences located in vVP2 between 210 and 369. Numbers
at the nodes indicate the bootstrap confidence values calculated using 1000
bootstrapping replicates. Included for comparison are vvIBDV strains OKYM,
UK661 and BD 3/99; classic IBDV strains Cu 1, STC and Bursine; and variant
IBDV strains Del E and T1.
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was not possible since importation of all samples to our
laboratory required treatment with phenol and chloroform
(Import Permit #44226). Thus, we relied on several genetic
characteristics consistent with the very virulent phenotype of
IBDV to identify those viruses that could be vvIBDV strains
(Banda and Villegas, 2004; Hoque et al., 2001; Mardassi et al.,
2004; Rudd et al., 2002). Furthermore, we examined the viruses
for genetic characteristics typically found in classic and variantIBDV strains in the U.S. (Jackwood and Sommer-Wagner,
2005). Genetic sequencing to discriminate between classic
IBDV and exotic vvIBDV strains was reported to be of value
(Ignjatovic et al., 2004). Others have reliably used molecular
characteristics to distinguish vvIBDV from non-vvIBDV strains
(Mardassi et al., 2004; Owoade et al., 2004).
To accomplish our goal we focused on the vVP2 region of
the viral genome. This variable sequence region was selected
because it has the highest mutation frequency compared to other
regions of the IBDV genome and can be used to uniquely
identify variant, classic and very virulent IBDV strains. To track
short-term evolution of the virus, genetic characteristics that
change frequently will provide more valuable information than
relatively constant sequence regions of the genome (Levin et al.,
1999).
All the viral genomes examined in our study were reported
to be from chicken flocks experiencing higher than expected
mortality. However, not all of the 113 viral genomes
examined had characteristics consistent with the vvIBDV
phenotype. The sequence analysis demonstrated that some
viruses had genetic characteristics consistent with variant and
classic strains. Fourteen viruses from Central and South
America were considered to have vVP2 amino acid sequences
typical of variant IBDV. A total of 22 viruses had P222 and
all had vVP2 amino acid sequences typical of classic IBDV
strains. Two viruses from Spain (01 S8 and 01 S9) had P222,
K249 and I286 but were on a branch with viruses from South
America that were otherwise more related to U.S. variant
viruses than they were to the Cu-1 and STC classic viruses.
We previously reported the presence of IBDV in France and
Spain that were genetically similar to U.S. variant strains
(Jackwood et al., 2006).
The presence of higher than expected mortality in these
broiler chicken flocks was not always associated with
detection of the very virulent genotype of IBDV. There may
be several reasons for this including other infectious agents,
IBDV induced immune suppression, poor management
practices, inaccurate disease records or the presence of
multiple IBDV strains. The 1999 high mortality disease
outbreak in Australia was not due to a vvIBDV strain but
rather, a native classic IBDV strain was detected (Ignjatovic
et al., 2004). The authors suggested that low protective
antibody levels combined with poor husbandry could have
elevated the mortality in that outbreak.
Two viruses from South Africa with A222 were related to the
U.S. variant viruses. This was unexpected because most U.S.
variant viruses have Threonine at position 222. Although
Australian variant viruses have been reported to have A222,
these viruses were not related to U.S. variants (Sapats and
Ignjatovic, 2000). The K249, I286 and D318 amino acids are
unique to U.S. variant viruses. All three were observed in the
South African viruses. These data support the need for further
studies on IBDV from South Africa to conclusively determine if
these viruses are antigenically similar to U.S. variant viruses.
We identified 74/113 viruses with genetic characteristics
consistent with the vvIBDV phenotype. All but one virus from
Bolivia were in a single phylogenic clade. The Serine at position
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in three putative vvIBDV strains. The El Salvador ES1 and ES2
viruses and the Spain SP11 virus had N299 and phylogenetic
analysis placed them on a separate branch in the vvIBDV clade.
Previous studies reported vvIBDV strains containing N299
(Eterradossi et al., 1999) and non-vvIBDV strains with S299
(Rudd et al., 2002). We also observed S299 in the non-vvIBDV
strains from Argentina (A25) and Colombia (C5). Three viruses
from Singapore had Serine at position 222 and were on a
separate branch of the vvIBDV clade. Although rare, previous
studies reported vvIBDV strains from Indonesia that had Serine
at position 222 (Parede et al., 2003; Rudd et al., 2002).
The virus isolated from Bolivia in 2005 (B62) was not part
of the vvIBDV clade or the classic virus clade. Bootstrap
values are not confidence limits but they are a measure of
statistical validity of the tree branches; the higher the
bootstrap value the greater the internal reliability of the
branching. The bootstrap values in Figs. 1 and 2 indicated the
differences between the B62 virus and vvIBDV strains are
significant. B62 appears to be a unique IBDV strain but it
may be more closely related to classic strains based on lower
bootstrap values with those viruses.
In conclusion, high mortality in chicken flocks may not
always be associated with vvIBDV. It could be the result of
other factors including sequelae in a non-vvIBDV infected
immune-compromised host. Short-term evolution of vvIBDV,
although not significant based on bootstrap values, appears
to be responsible for mutations in vVP2. The truncated vVP2
sequences examined in this study are expected to have
substitution mutation rates that do not follow a molecular
clock (Hon et al., 2006). Selection pressures from the host's
immune system and competition with other viruses probably
account for this observation. These selection pressures may
be different in different regions of the world. Although the
molecular basis for the very virulent phenotype has not
been conclusively elucidated, vVP2 sequences are respon-
sible for controlling antigenicity and tissue tropism of the
virus. Amino acid changes in this region could affect these




During the years from 1997 to 2005, we received genetic
material from suspect vvIBDV strains. Import regulations
prohibit us from importing live virus. The viral genomic
dsRNA, however, was imported into our laboratory under
import permit #44226 from the U.S. Department of Agriculture
Animal and Plant Health Inspection Service (Riverdale, Mary-
land, USA). Examined in this study were 113 samples from
Argentina, Bolivia, Brazil, Venezuela, Colombia, El Salvador,
Dominican Republic, Mexico, France, Spain, Denmark, United
Kingdom, Israel, Jordan, South Africa, Singapore, Korea and
Thailand. Nineteen of these viruses were previously described
(Jackwood and Sommer-Wagner, 2006). All the samples wereobtained from broiler chicken flocks with a reported history of
higher than expected mortality.
Reverse transcription-PCR
Bursa tissue samples arrived at our laboratory after being
treated in phenol/chloroform/isoamyl alcohol (25/24/1) for a
minimum of 2 weeks (Jackwood et al., 1996). The tissues
were washed three times in TNE buffer (10 mM Tris–HCl
[pH 8.0], 100 mM NaCl, 1 mM ethylenediaminetetraacetic
acid), homogenized and then treated with proteinase K
(Sigma Chemical Co., St. Louis, MO) using our standard
procedures (Jackwood and Sommer, 1997). Following
proteinase K treatment, the samples were extracted in acid
phenol (pH 4.3) (AMRESCO, Solon, OH) and ethanol
precipitated. The viral genome was suspended in 90%
DMSO (Sigma Chemical Co.) and used for reverse
transcription-PCR (RT-PCR).
The RT-PCR assay was conducted using a primer pair that
amplifies a 743 bp region of vVP2. This region of the genome
was selected because it encodes the most highly variable
sequence of the virus and has numerous genetic markers for
vvIBDV, classic and variant IBDV strains (Banda and Villegas,
2004; Hoque et al., 2001; Parede et al., 2003; Rudd et al.,
2002). The forward primer used was 5′-GCCCAGAGTCTA-
CACCAT-3′ and the reverse primer was 5′-CCCGGAT-
TATGTCTTTGA-3′. The RT-PCR reactions were conducted
using the GeneAmp RNA PCR kit (Perkin Elmer, Roche
Molecular Systems, Branchburg, NJ) according to the
manufacturer's instructions. The RT incubation was at 42 °C
for 60 min followed by the PCR incubations at 95 °C for
1.0 min, 53 °C for 1.5 min and 72 °C for 1.0 min. A 7.0 min
extension at 72 °C was added at the end of the 35 PCR cycles.
Nucleotide sequence analysis
The RT-PCR products were purified using a Wizard SV Gel
and PCR Clean-up System (Promega Corp. Madison, WI).
They were sent to the University of Wisconsin Biotechnology
Center DNA sequence Facility (Madison, WI) for nucleotide
sequencing. The sequence results were downloaded using
Chromas (Technelysium Pry Ltd., Queensland, Australia) and
analyzed using Omiga software (Oxford Molecular, Campbell,
CA, USA). Sequences were aligned using Clustal W and
phylogenetic trees of the nucleotide and predicted amino acid
sequences were conducted using MEGA version 3.1 (Kumar et
al., 2004) and up to 1000 bootstrapping replicates. The neighbor
joining (NJ), minimum evolution (ME) and unweighted pair-
group methods using arithmetic averages (UPGMA) distance
methods were used.
Acknowledgments
This work was funded in part by funds appropriated to the
Ohio Agricultural Research and Development Center and by
funds from the U.S. Poultry and Egg Association, Tucker,
GA.
375D.J. Jackwood, S. Sommer-Wagner / Virology 365 (2007) 369–375ReferencesBanda, A., Villegas, P., 2004. Genetic characterization of very virulent
infectious bursal disease viruses from Latin America. Avian Dis. 48,
540–549.
Boot, H.J., ter Huurne, A.H., Hoekman, A.A., Peeters, B., Gielkens, A., 2000.
Rescue of very virulent and mosaic infectious bursal disease virus from
cloned cDNA: VP2 is not the sole determinant of the very virulent type.
J. Virol. 74 (15), 6701–6711.
Brown, M.D., Green, P., Skinner, M.A., 1994. VP2 sequences of recent
European ‘very virulent’ isolates of infectious bursal disease virus are
closely related to each other but are distinct from those of ‘classical’ strains.
J. Gen. Virol. 75, 675–680.
Eterradossi, N., Rivallan, G., Toquin, D., Guittet, M., 1997. Limited antigenic
variation among recent infectious bursal disease virus isolates from France.
Arch. Virol. 142, 2079–2087.
Eterradossi, N., Arnauld, C., Tekaia, F., Toquin, D., Le Coq, H., Rivallan, G.,
Guittet, M., Domenech, J., Van Den Berg, T.P., Skinner, M.A., 1999.
Antigenic and genetic relationships between European very virulent
infectious bursal disease viruses and an early West Africa isolate. Avian
Pathol. 28, 36–46.
Hon, C.-C., Lam, T.-Y., Drummond, A., Rambaut, A., Lee, Y.-F., Yip, C.-W.,
Zeng, F., Lam, P.-Y., Ng, P., Leung, F., 2006. Phylogenic analysis reveals a
correlation between the expansion of very virulent infectious bursal disease
virus and reassortment of its genome segment B. J. Virol. 80, 8503–8509.
Hoque, M.M., Omar, A.R., Chong, L.K., Hair-Bejo, M., Aini, I., 2001.
Pathogenicity of SspI-positive infectious bursal disease virus and molecular
characterization of the VP2 hypervariable region. Avian Pathol. 30,
369–380.
Ignjatovic, J., Sapats, S.I., Reece, R.L., Gould, G., Gould, A., Selleck, P.,
Lowther, S., Boyle, D.B., Wheeler, J., 2004. Virus strains from a flock
exhibiting unusually high mortality due to infectious bursal disease. Aust.
Vet. J. 82 (12), 763–768.
Jackwood, D.J., Sommer, S.E., 1997. Restriction fragment length polymorph-
isms in the VP2 gene of infectious bursal diseases viruses. Avian Dis. 41,
627–637.
Jackwood, D.J., Sommer-Wagner, S.E., 2005. Molecular epidemiology of
infectious bursal disease viruses: distribution and genetic analysis of newly
emerging viruses in the United States. Avian Dis. 49, 220–226.
Jackwood, D.J., Sommer-Wagner, S.E., 2006. Molecular studies on suspect very
virulent infectious bursal disease virus genomic RNA samples. Avian Dis.
49, 246–251.
Jackwood, D.J., Hanes, G., Miller, S.H., 1996. Infectious bursal disease viralRNA amplification using RT/PCR from bursa tissue following phenol:
chloroform inactivation of the virus. Avian Dis. 40, 457–460.
Jackwood, D.J., Cookson, K.C., Sommer-Wagner, S.E., Le Galludoc, H.,
de Witt, J.J., 2006. Molecular characteristics of infectious bursal disease
viruses from asymptomatic broiler flocks in Europe. Avian Diseases 50,
532–539.
Kumar, S., Tamura, K., Nei, M., 2004. MEGA3: integrated software for
molecular evolutionary genetics analysis and sequence alignment. Brief.
Bioinform. 5, 150–163.
Le Nouen, C., Rivallan, G., Toquin, D., Darlu, P., Morin, Y., Beven, V., de
Boisseson, C., Cazaban, C., Comte, S., Gardin, Y., Eterradossi, N., 2006.
Very virulent infectious bursal disease virus: reduced pathogenicity in a rare
natural segment-B-reassorted isolate. J. Gen. Virol. 87, 209–216.
Levin, B.R., Lipsitch, M., Bonhoeffer, S., 1999. Population biology, evolution,
and infectious disease: convergence and synthesis. Science 283, 806–809.
Mardassi, H., Khabouchi, N., Ghram, A., Manouchi, A., Karboul, A., 2004. A
very virulent genotype of infectious bursal disease virus predominantly
associated with recurrent infectious bursal disease outbreaks in Tunisian
vaccinated flocks. Avian Dis. 48, 829–840.
Owoade, A.A., Mulders, M.N., Kohnen, J., Ammerlaan, W., Muller, C.P., 2004.
High sequence diversity in infectious bursal disease virus serotype 1 in
poultry and turkey suggests West-African origin of very virulent strains.
Arch. Virol. 149, 653–672.
Parede, L., Sapats, S.I., Gould, G., Rudd, M.F., Lowther, S., Ignjatovic, J., 2003.
Characterization of infectious bursal disease virus isolates from Indonesia
indicates the existence of very virulent strains with unique genetic changes.
Avian Pathol. 32, 511–518.
Rudd, M.F., Heine, H.G., Sapats, S.I., Parede, L., Ignjatovic, J., 2002.
Characterization of an Indonesian very virulent strain of infectious bursal
disease virus. Arch. Virol. 147, 1303–1322.
Sapats, S.I., Ignjatovic, J., 2000. Antigenic and sequence heterogeneity of
infectious bursal disease virus strains isolated in Australia. Arch. Virol. 145,
773–785.
Stuart, J.C, 1989. Acute infectious bursal disease in poultry. Vet. Rec. 125, 281.
Van Den Berg, T.P., 2000. Acute infectious bursal disease in poultry: a review.
Avian Pathol. 29, 175–194.
Van Den Berg, T.P., Morales, D., Enterradossi, N., Rivallan, G., Toquin, D.,
Raue, R., Zierenberg, K., Zhang, M.F., Zhu, Y.P., Wang, C.Q., Zheng, H.J.,
Wang, X., Chen, G.C., Lim, B.L., Muller, H., 2004. Assessment of genetic,
antigenic and pathotypic criteria for the characterization of IBDV strains.
Avian Pathol. 1, 1–2.
Yamaguchi, T., Ogawa, M., Miyoshi, M., Inoshima, Y., Fukushi, H., Hirai, K.,
1997. Sequence and phylogenetic analyses of highly virulent infectious
bursal disease virus. Arch. Virol. 142, 1441–1458.
